Historic, Archive Document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


Sea * =! 





40 4 ‘ 
















COMMODITY 
ECONOMICS DIVISION 


ECONOMICS, STATISTICS, and COOPERATIVES SERVICE 
___ US. DEPARTMENT OF AGRICULTURE 











= This manuscript has been reproduced for information and discussion within Commodity 

Economics Division. The manuscript has not been cleared for publication and should not be 
cited as a reference. The views expressed are those of the author and do not necessarily 
represent the opinion of CED, the Economics, Statistics, and Cooperatives Service or the 


U.S. Department of Agriculture. 





RATIONAL EXPECTATIONS IN 
ECONOMETRIC MODELS 


By 


Jean-Paul Chavas and 
S. R. Johnson 


Forecast Support Group 


November 1978 





ass 
7 4 
J En 3 
Py. 06) = 7 
a6 ine — ee 
hi - 7 
5 
3 c£.25 30 Se 
% 
c aitie 





RATIONAL EXPECTATIONS IN ECONOMETRIC MODELS 
Jean-Paul Chavas and S.R. Johnson* 
]. Introduction 


Rational expectations are becoming increasingly popular as a means of 
generating unobservable explanatory variables in econometric models (Nelson 
[1975a], McCallum {1976a], Sargent [1976] and Weaver and Helmberger [1977]). 
The intuitive attractiveness of the rational expectations hypothesis advanced 
by Muth [1961] has been evident for some time. However, problems of imple- 
menting the hypothesis in applied contexts have limited its use. Specifically, 
for more than highly simplified constructs, methods of obtaining estimates 
of the unobservable explanatory variables implied by the systematic component 
of the model, and thus rational, but permitting consistent estimation of the 
structural parameters have not been available. 

This difficulty with the application of the rational expectations 
hypothesis in econometric models was highlighted in a recent exchange by 
Netson [1975b] and McCallum [1976b]. Moreover, building on the results by 
Nelson, McCallum was able to show that an instrumental variables approach 
using extrapolative prediction for the unobservable variables would produce 
consistent estimates for the structure of a model incorporating "partially" 
rational expectations. The expectations are termed partial because the 
extrapolative process for generating the instruments does not incorporate 
all of the restrictions on the unobservable variables which are implied by 


the structure. 


The present paper extends these results by showing that the extra- 
polative process imposed by McCallum for obtaining consistent estimates of 
the structural parameters with a rational expectations hypothesis on the 
unobservable variables is unnecessary. Namely, more direct methods for pro- 
ducing the required unobservables and correspondingly consistent estimates 
of the structural parameters can be derived. These include the unobservable 
variables (Goldberger [1972], Zellner [1970]), instrumental variables 
(Brundy and Jorgenson [1971b, 1974]) and iterated instrumental variables 
(Lyttkens [1974]) estimation methods. Each of the methods provides an 
operational means of obtaining consistent estimates in models with rational] 
expectations. 

The model and process for incorporating tne rational expectations 
hypothesis in estimating the structural parameters follow in Section 2. Basic 
consistency results for the corresponding parameter estimates are provided 
in Section 3. Various specializations of the fully rational expectations 
hypothesis are examined in Section 4. The objective of this section is to 
jdentify the circumstances under which expectations hypotheses common to 
applied work are in fact rational. The approach is illustrated with a 
simple supply and demand model in Section 5. Concluding observations are 


provided in Section 6. 
2. Model and Rational Expectations Approach 


The rational expectations hypothesis (Muth [1961]) puts structure on 
the unobservable expectations variables which are frequently incorporated 
jn economic constructs by assuming that they are in fact st expected values 
of tne corresponding endogenous variables as predicted by the model. | The 


rational expectations approach nas been less widely applied than some of 


the adaptive or extrapolative methods because the usually compiex structures 
Tor generating the required unobservables have proved difficult to implement 
while retaining desirable statistical properties for the parameter estimates. 
The subsequent discussion is designed to show that the incorporation of the 
rational expectations hypothesis can be more easily handled than presently 
available results (Nelson [1975a] and McCallum [1976b]) would indicate. 

The model to be used is of the standard linear form where Yeo Xt and 


a observations on G observable endogenous, K observable 


Yeas denote the t 
predetermined, and M unobservable expectations variables, respectively. © Al] 
of the variables are taken as expressed in deviation form. It is assumed that 
expectations are generated about n future periods, i = 1, 2,..., n. That 

is, tne “planning period" for the system is up to n periods in length. ° The 
linear model relating these observabie and unobservable variables and the 


aM 
structural disturbance vector Uy 1S utoOneche _th observation, 
1 * * sk = 
(1) See eR tae ie ee etn Ue 


where B, I and A. (i = 1, 2, ..., n) are appropriately dimensioned matrices 


of structural parameter. For al] (71) observations, model (7) can be written 


Cie) YB + Xr + Y¥A, + YSA5 sega eee = Urs 


where Y, X, Yq > Yo» n are matrices corresponding to the vectors Yi, X45 Y4); 
Yen and Y443> respectively. Notice that for M. < G the corresponding 
parameter matrix a, Wi iignave -Go- Mo 7 zero columns. The assumptions on the 


disturbance term are, 


with = a positive definite contemporaneous covariance matrix. Finally, X 
and Y% (lo Loe Copa saad) ade uassumed snrcdeceniineemsomr jae 
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The reduced form for the system represented in equation (1) is 


(2) HEX ua ASS aay aS 
where as per the usual convention, My = - rev, hae a.Bo! Gee | Seer 
ANGIY ar; Tee On the basis of the assumptions for u,, it is easily 
snown that 
E(v,) = 0 
(COs ats 
E(vaver) ‘ el 
(2 = Gre es hee top ee fe! 


Imposing the rational expectations hypothesis, y} = E(y.) it follows 


from equation (2) that 


* = X * TT 
(3) fe AXEQ Et Vteply bastteyts au. 


where Xe = E(x.) On the basis of equation (3), expressions for the expecta- 
tions variables which depend upon the predetermined variables in future periods 
and the reduced form parameters can be developed. That is, for simplicity 


assume n = 3 and from equation (3) then, 
(AG * = X i TS TT * T 
(44) St4] sa a mo a rete 


tony 


Nia) yx = X TT k* oT 
(417) Yio = Xtaallg + YEy3hy 


Ge ee ee eT 

Phebe! speteat ehtia'o 

where cc E(x,,./t) is the expected value of X.,; conditioned on information avai!- 
‘ane 

able at time period t. The observations on the conditioned projections, Xp-,a9 are 

written as the matrix A.. It is assumed that the projected exogenous variables 


\ { 


‘a 
are predetermined in the system, i.e., that plim ( ~ 4) = 0. Also, and 





; cs ; Fhe Sha hirt hie’ sumed 
importantly observe that for writing Van oe) +4 de it it has been assumed 
values outside the planning period, n = 3, can be omitted. 

Using equations (4i1),.(4ii), (4i11) to substitute for the unobservable 
variables in equation (3) and collecting terms on the current and future 


expected values for the predetermined variables yields, 


ye \\ ee Y 7 y he Tt Tt 
oe Ye ~ Ky Ty ae Xe gpg ly + X44 9 (Ig iy ts Mls } 
+ X 3 
Tl Tl TT + {! i TT Hl { 
Xe4g Moly + Mgt) + Molt, + Mohs) 
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\ ‘% oa = 2 
! wk = \y + TT T T 
(5') YE = Kelly + Xteqg (Hy) + XpygMg (ty + Mp) 
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Equation (5') puts a structure on the expectations variables Yeas that can be 
used in the estimation of the modei. This is shown by making the substitution 
of equation (5) into the reduced form, equation (2), and again deleting terms 
involving explanatory variables with subscripts greater than t + 3. The 


result is, 


“e) 
) =) x Toa = we 
(5) Yo = XM PX ay + Xe ongi * Jp) 
aes (n° foi alien ot Ts) ey 
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Not surprisingly, the expected value for equation (6) is equation (5'), the 
equation which generates the unobservable value for yt. Equation (6) also 
Shows that y, can be in principle estimated as a linear function (albeit 
not in the unrestricted reduced form parameters) of the current and condi- 
tioned future systematic components of the predetermined variables. 
Possibilities for structures generating X4 and thus the conditioned 


systematic components of the predetermined variables, x , range from time 


thi 
judgmental forecasts (Granger and Newbold (1977]).> 


ww 


series analysis to 
For the present, it will suffice to simply specify the properties of the 


process. Assume that the process for the X+ is covariance stationary 


\ 


with ETE(x,,./t)] zs E(x, 43) a constant function in time. Also, recall 

that the X, are predetermined so that the process is independent of the one 
generating Vee Two interesting special cases exist. First, suppose that the 
information at time t is independent of the realization of the process at 


tt+i, then x,,. = E(x,,./t) = E(x...) bom ab hirst, ordem autoregressive 
tt t+] ey 


process in the x, this would be equivalent to assuming the autoregressive 


ctr 


parameters, say Py (kK = 1,02, .a.,,K), equal zero. “in ttis™case,etie andl 


ments involving x in equation (6) can be omitted since by virtue of 


tri 


expressing the explanatory variables in deviation form, E(x p43) = 0 given 


that x is generated by a stationary process. In the second case there 


t+} 
is a conditioned systematic effect with information at t influencing Xe 
6 


so that in general E(x,,./t) # E(x,,,). In applied contexts, the lack 


of reliable basis for predicting the predetermined variabies may lead to 


the use of something less than "complete" rational expectations. 


tions generation. For iliustrating these three cases assume a partitioning 
setae ete (Xpeaae Xopag! where X,,,, is of dimension K, and Xo ea of dimension 
K - Ky: Let Xq eas represent those predetermined variables with the systematic 
components that can be projected based on the information available at time 
t. Relatedly, let Xoo ag represent the explanatory variables for which 
information at t is independent of the realization at time tti. Complete 
rationality then corresponds to the case in which K, = K and the conditioned 
systematic components of all of the explanatory variables can be projected, 
e.g., equation (6). 

Partially informative rationality refers to the situation in which 
Ov< Ky < K and processes for projecting some but not all of the explanatory 
variables exist. This situation is easily incorporated into equation (6) 


by correspondingly partitioning Hy [= (19 » Ty ]. Equation (6) then 


by pa] 
becomes , 
(%,,\ 
(7) ¥en = Xe + reer Rote b 1G 
& at, FY 
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Alternatively, the model can be written 


© \ = | Say a ag inf pe 
(8) St 26 eae asap ac +te 20% On | : 1) 
1] ee 
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Cie te 
completely informative because processes permitting projections for Xo pas 
at values different than the mean (which equals zero) do not exist. It 
should not be confused with models which adopt ad hoc structures for the 
unobservable variables (McCallum [1976b]) or ones in which the decision on 
the process for generating Ms has been based on other criteria. 
The noninformative rational expectations case is the one for which 


Ky = 0 and the conditioned systematic components for X, are projected as 


E(x; ) = 0. The appropriate expression is then 


In this case the rational expectation would be simply the current conditioned 
vaiue for y. No forward looking process would be involved in the generation 
of the expectations variables. It is not difficult to see that this could 

be a rational appreach when attempts to obtain projected values of the 


conditioning variables prove completely unreliable. 


For appiied work then the choice between models (6). (8) and (9) should 
be based on the relevant planning period for the system and the degree of 
confidence with which the decision makers involved can predict the pre- 
determined variables. The recent work by Popkin [1975] and Feldstein [1971] 
would indicate that the incomplete model, recognizing the fact that explana- 
tory variables for many economic models are difficult to project, may be the 


more realistic alternative. 
Semmes i amaLion 


Two approaches can be employed to obtain consistent estimates of the 
Structural parameters for the model in equation (1). The first and most 
obvious is indicated by making the analcgy with the unobservabie variables 
estimation procedures by Zeliner [1970] and Goldberger [1971}. The second 
involves instrumental variables methods. Two options will be iliustrated in 
this context, the general efficient estimators (Brundy and Jorgenson [1971], 


1974]) and iterated instrumental variables (Lyttkens [1974}). 


Unooservable Variables 
The analogy to the unobservable variables problem is made by considering 
the structural equation (1) and presuming that there exist proxies for the 


unobservable variables Yeap? Year> ¥ For illustration, let these proxies 


yt 
cf 
T 


be Zaps Zot and 2345 respectively. he notation is cnosen to emphasize that 


the Za+ must be observable at time t. Following Zeliner and Goldberger, the 
relationship between the unobservable and observed proxy variables is written as 


f yd — * ge 
for i= 1, 2, 3. The rationality hypothesis is introduced through the use of 


equations (41, ii and iii). Specifically, using these equations and making 


appropriate substitutions giv 


10 


‘an yx = ¥ X Fait y af g we 
TOY A Xe ilig PORE aig] egg ig hha Tp) 
oe te a - _ x 
J VY = aes ae et 
if 144 \ Wk = = = 
Se verges tec. 6 


pag 7 ‘ 
as the structures for generating the unobservable variables. For the covari- 
ance structure between 23 and Ue which is assumed by Goldberger [1972] and a 


(3 = 1,°2, 3) that) @eeduces 


process for generating projections of the Xa 


errors independent of Uy and an maximum likelihood estimation of the struc- 
tural parameters for the model as specified in equation (1) can be obtained. 
The problem with the analogy to the Goldberger-Zellner unobservable variables 
model is with the use of the proxy. It would appear that consistent estimators 


for the structural parameters are available without the superfluous step 


involving the proxies. 


Instrumental Variable Method 

In two comparatively recent papers, Brundy and Jorgenson [1971, 1974] 
have shown that a class of efficient instrumental variables for use in 
estimating simultaneous equations can be delineated. The major result holds 
that an efficient set of instruments for a particular equation in the system 
must contain the included predetermined variables as instruments for them- 
selves and instruments for the included endogenous variables computed using 
a consistent estimator for the appropriate partition of the reduced form 
parameter matrix (Brundy and Jorgenson [1971. pp. 209-211]). 

\\ 


One possibility for obtaining the instruments is equation (6). Again, 


assume that x, and the projected Xs are predetermined. Equation (6) is 


t 


non-linear in the reduced form parameters, and coula be estimated with 


appropriate non-linear procedures, producing consistent estimates of the 


1] 
pe, ay ; e ; . , 
reauced form parameters. However, the non-linear estimation is not attractive 


because of the computational problems given present software. An alternative 


would be to reparameterize equation (6) with Og = Hp» &, = Wylly, 

. | ye 
sens +e) andea =n ee ao 8 ten i) ing t 
Lo fig (ty To) and ag = MyiTy Toll, Rj, + My), making the model linear 


in the parameters. The reduced form equation (6) can then be estimated by 
OLS to produce consistent Cn » o ee “ey Substituting these estimators into 


equations (114) (a7). Gudaddegi ves 


193 7k See ae of, 5 eg aaa 
121) Yher = Xtand * Xts2% * Xeyg% 
fat ee: S = = ss 
wha ve = ' 1; 


and 


211i} Fon = K {a6 
Metis yeas = %413% 


as estimates for the unobservable variables oat 
Also using the same reparameterization, fitted values for y, can be 


directly computed from (6) 


a A a a a 


ats = y X hav NE, es 
Ges Ys Kp Aq oF Xp 44% Xp p 9% + X44 3%3 


Thus, with appropriate assumptions for the process generating x, and related 


wa 


estimates for x,,., both y*,. from (12) and y, from (13) can be used as 


a] a Soe 


instruments for estimating the structural parameters of equation (1). 
For example, the first structural equation from system (1) would be 


written 
(3 \ = Q PE Wr, eh fe ip 
(14) Vig Cte lee el) oe teipiplece t 


where the exclusion restrictions have been reflected in the vectors 8 1? 


a } 


r , and As 4 of the matrices &, T and A. and only one set of expectations 


—_ 


variables, for period t+i, has been included. The instrumental variable 


estimator is 


TH 5 
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ad 
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(lead eye 


(16ii7) Xq4! 


(V6iv) X14 '¥ta9 


(ere ee | 
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n~ =] “A “~ 
= , : ( * * i 
[yo,: x1? y¥.) \Yous Ayes yee [{y5,> Aaa Bye) Yi¢! 
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t i hye \ 
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T6v) Yee aot = Yevivat 


(l6vi) yE yey: 


Equations (16i), 


= Ok = 
aay aVe43 . 


ant 


(16iii) and (16v) follow by properties of OLS residuals. 


However, (161i), (16iv) and (16vi) are true only if [X', x ale, = 0 where 


_—4 


Oo 


£, is defined as uu erie Uiaigte Conditions (16) imply that (15) can be 
written 
i “| 
[8.1 | 
(17) F | ie: Crag ls be \ 471 ; a 
q = V xX \ k a Ne ae . ae iN 
i eee YEG) Yoe> Xye> YET Cvoes Xte> YEG) Ne! 
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Equation (17) is the OLS estimator of the first structural equation where Yeas 
and Yot have been replaced by their estimates yall and vee. Therefore the 

LS estimator (17) is equivalent to the IV estimator (15) only if the conditions 
stated in (16) hold. When these conditions hold then the results of Brundy 
and Jorgenson [1971-1974] apply and IV/OLS estimation of the structure yields 
consistent and efficient structural estimators. However, the conditions 

(16) imply that either ae is equal to yf,; with probability one, or that 
the error generated, ee, is orthogonal to the predetermined variables of the 
system. These conditions may be rather strong given that tne exclusion 
restrictions have not been incorporated in the estimation of the parameters 
used to compute Wee If they do not nold, then the estimates may not be 


efficient or even consistent. 


Iterated Instrumental Variables 
The iterated instrumental variables procedure is a special type of esti- 

mator which is efficient and perhaps performs better than IV estimation for 
small samples (Brundy and Jorgenson [1974], Lyttkens [1974]). To produce 
this estimator, initial values for yo,, yf,; in equation (14) are required. 
Although a number of possibilities for these initial values exist, natural 
candidates are We and tier computed from equations (12) and (13) (the 
superscripts will indicate the iteration number). With the initial values, 


equation (14) can be estimated provisionally using the estimator shown in 


14 


* 


equation (17) applying this process for each of the structural equations will 
Eom mies mes 


produce the structural estimates 8, IT and Aes which can be used to derive 

ee ee . an” Pecan ia Le ie] er 

the reduced form parameter matrices Ty Saami aan ee ny = Ase 2) inese 
{ 


provisional reduced form parameter estimates along with the observed and 
projected exogenous variables can be used to compute second set of values 

for Yoe and Yeas va and YES using, respectively, equations (1li), (1lii), 
(1liii) and either equation (6) or (2). The process beginning with equation 
(14) is then started again, new estimates of the structural and reduced form 
parameters are obtained. The iterative process is continued until the esti- 
mates differ by arbitrarily small values between iterations. 

The IIV method is preferred because upon convergence, it is reasonable 
to assume that Ve = Vina with probability one. Upon convergence, all of 
the prior restrictions have been incorporated in the estimation of the 
narameters used to compute oe implying the use of a true and information 
rich instrumental variable. Lyttkens has shown that for normality of the 
structural disturbances the resulting estimates approximate full information 
maximum likelihood estimates. Asain, the results follow if the projected 
values Keays Xpaoe X29 can be viewed as predetermined. The iterated instru- 
mental variables procedure is a special case of the above-mentioned class 
of efficient estimates because after the first stage, reduced estimators are 
used in computing the included right hand side endogenous variables. 

Numerical results obtained by Brundy and Jorgenson [1974] indicate that 
the iterated instrumental variables estimators may be efficient relative to 
other instrumental variables methods for small samples. It also turned out 
that in the case these authors studied, there was little advantage in full 
systems methods and/or more than one jteration. Given that the object of 


rational. expectations is to use y*'s consistent with the structure and these 


exploratory sampling results, it would appear that the limited information 
iterated instrumental variables method js particularly appropriate for the 


probiem at hand. 
4, Rational and Adaptive Expectations and Dynamics 


The connection between rational expectations and adaptive expectations 
is comparatively easily made in the context of the model set out in Section 2,8 


For the case of non-informative rationality and G = 1, equation (9) shows that 


(18) yt = X41, 


with Ip in this situation a vector. If the predetermined variables are lagged 


encocenous variables then equaticn (18) can be written 


(19) Wl S one 


which is a distributed lag. Thus expectations are formed in an extrapolative 
fashion. Equations (18), (19) and (2) show the speciality of the rational 
expectations structure which must occur for extrapolative expectations to 

be rational. 


If the model in equations (19) and (20) is reparameterized, for q 


. 
2 
! 


approaching infinity, Sp, = Q and 6, = ASy ue Gilera bee 


Then an adaptive expectations model results. That is 


C2 YY go lad, 


tir 
~> 
S< 


the reduced form of the simple adaptive expectations model (Nerlove [1958, 


Lore. 


16 
Dynamic properties of this adaptive expectations model and the more gen- 
eral rational model can be easily developed. Consider again equation (3). 


+r 
} 


It can be rewritten 


fad 
4 
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(22) LY¢> Yeeq? Ytiod = Bigeye YF ya» y¥,3] Ty 0 if 
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Then equation (21) becomes, 


(233 tis SF Dhgae & x 


t t+ te 
or aiternatively, 
(24) Way, = WCT! ~ XyCT! 


if C is nonsingular. Assuming that there are no lagged variables in the 


vector Xp the dynamic properties of the rational expectations will depend 


upon el The rational expectations, in particular, wil! be stable only if 


all the characteristic roots of [C. ]' are in the unit circle (Chow [1975]). 


5. An Example Using a Simple Market Model 

Consider the price determination process in a market of a particular com- 
modity. Because of production lags, the specification for the supply equa- 
tion involves current price as well as an expected price one time period 
in advance. Alternatively, this means that the planning period corresponds 
to n= 1, and that all events occurring more than one period ahead of time 
are not relevant in the formulation of expectations. Also, expectations 
are assumed homogeneous in the market. The demand side is assumed to 
invoive only current price.’ In general, a model for such a market can be 


Specified as, 


(25) . = 2 . P acy ate p* 


aq sc ; 
t ee et 
(rey = 2 Q 
(26 oped Pohe hay tan es Pande Bt 
and 
(27) Sune Pesce Te 


where Sy is the quantity supplied, P.. current price, t+] expected price one 
period ahead, SS, is a supply shifter (e.g., weather, costs, etc.), D, 1s 
the quantity demanded, DS, 4 demand shifter (e.g., income, price of close 
substitutes, etc). NT, is net export, and w, and n, random disturbances. 
The model includes no storage so that production and the quantity supplied 
are the same. A similar interpretation follows for consumption and 
the quantity demanded. 

In matrix form and corresponding to equation (1), the structure of the 


model can be written as 


Q ) ine he n Dr, alex 1 = 
(29) [S, D, P18 + [1 SS, DS, NTp]r + [St,) DE.) PE ploy + Uy 0 


wnere 
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and 
Ue [ns We Oie: 
Tne reduced form for the structure shown in equation (257 ee 


( e = [ : 7 Vr + \ 
(30) LS, D, P. J (1 S54 DS, NT], 3 4} DF] Pee sty Ve 


3 as 
where Ty = - TB ls I, = - A,B ' and Vy ae les 


Applying the rational expectations hypothesis, we have, as previously 


ale 


described, 


(P25: * 5 ae ial : Sait 
Cae [Sty DF 41 ae Li S344) DS 44] NT 4] ae 


where terms with time subscripts greater than t+] have been omitted. Substi- 


tuting equation (31) into the reduced form produces the expression 


Ty tee; es cc NT Inn ; 
NY ily y [1 SS 44 DS 444 NTs reel oF Ven 
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Assuming as previously that all variables are measured as derivations from 


their means, the model can be alternatively expressed as 


p* 


ee ee ae 
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The connection between models with and without constant terms is established. 
The latter is more convenient since, as is clear in equation (32), the 
constant appears twice in the expression making a collection of terms 


necessary. 


Depending on whether or not SSiu75 OS 443 and N Heh 


a reasonable degree of confidence, there results a fully informed, partially 


can be forecasted with 


informed or uninformed rational expectation model. To illustrate this earlier 


classification system observe that at time t the realized values of SSy DS,, 


NT, are known with probability one. Alternatively, SStaye DS 


t+] 


provided that their expected values conditioned on the basis of information 


and NT; 


at t are not zero, must be estimated. These values are estimated on the 
basis of the processes assumed for SSy5 DS, and NT. Suppose for simplicity 


taatebinioieds jes E(NT,) = 0 and BQSSey utd = E(SS,) = USDUL? trae 


t+] 


DS, = oDS;_) + e4 so that £(DS,,,/t) = /oDS,. With e, 


o) 


dently distributed with mean zero and variance o° and |ol<1, the estimate 


normally and indepen- 


for OS,,, would be 6DS, with 9 perhaps an OLS estimator for 5. Thus, 
the ability to predict the exogenous variables, the quaiity of the estimate 
for o in this case, has a direct influence on the specification of models 
describing systems in which expectations about the future are important. 

In this regard, the rational expectation approach represents an interesting 


way of investigating the influence of information--in the form of projected 


values of explanatory variables--on the behavior of systems. 


Ro 
(S>) 


§. Conclusions 


These results extend those of Nelson [1975b] and McCallum [1976b] to 
show that rational expectations can be used in econometric models while 
retaining consistent estimators of the structural parameters. The estimators 
which result from the application of the recommended iterative instrumental 
variables approach are consistent (like those of McCallum) but not partially 
rational. The McCallum estimators are in fact like those which would result 
from the unobservable variables model discussed in Section 3 but with an 
advhocrstructure stor the Yea: The present method is more direct and con- 
sistent with the rational expectations hypothesis. We would conjecture 
that the estimators obtained are more efficient but substance for this point 
will have to await more analytical or capital intensive work. 

Apart from the question of estimation, the development has shown how 
rational expectations relates to other approaches to the problem of generating 
unobservable variables. The concepts of complete, partially informed and 
noninformative rationality should help to reconcile the various approaches tc 
expectations formulation by showing what they imply in terms of the rational 
approach. [It would appear that many of the pragmatic expectations generat- 
ing mechanisms are rational provided that the predetermined variables 
cannot be predicted and that the endogenous variables considered are generated 
by an autoregressive process. 

Finally, the results point to two interesting problems in applying the 
model. The first is multicollinearity in the reduced form due to the lack 
of variation among the projected predetermined variables. The observation 
to be made in this connection is that if the projected variables are co- 


linear then not much is being gained from the present model over one with 


a shorter planning period. In short, severe multicollinearity problems would 
suggest that a mode] with a shorter time frame be adopted. The second 
problem relates to the ability to project the exogenous variables wit! 
accuracy. If this is not possible then a model with a shorter time frame 

may be appropriate. Both difficulties have interesting implications in 

that they provide some empirical guidelines for naturally limiting the 

time frame and complexity of econometric models of systems in which expecta- 


tions play an integral role. 


FOOTNOTES 


*Respectively, Graduate Research Assistant, Department of Agricultural 
Economics and Professor, Departments of Economics and Agricultural Economics, 
University of Missouri, Columbia. The research on which this paper is based 
was completed under cooperative agreement 12-17-03-8-1724X with ESCS, USDA. 

The rational expectations hypothesis implies that each unobservable 
expectations variable must have a counterpart endogenous variable (although 
not necessarily contemporaneous ly) in the system or model. 

cThe predetermined variables are assumed not to include lagged endogenous 
variables. The problem for study is thus like the one examined by Nelson 
[1975b] and McCallum [1976b]. Inclusion of lagged endogenous as predetermined 
variables adds substantially to the complexity of the problem by providing 
for what is essentially an adaptive structure. 

sevents occurring beyond t+n time periods will not be included in the 
mode!. This assumption is crucial to the results to follow. 


+ OF course, if the x, are exogenous then E(x,) ae 


t 


Methods for time series analysis and composite forecasting are nicely 


O1 


outlined in Granger and Newbold [1977] and outside the scope of the present 
discussion. The point to be made is that some process for generating the 
future values for the explanatory variables must be available. As will be 
subsequently apparent, the unavailability of such a process would truncate 
the expectations mechanism. 


“The effect of including estimates of Xo in equation (6) and related 


+] 


errors in variables problems is deferred to the subsequent section. 


23 
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Here and for the IV estimators, it should be clear that multiccllinearity 
may present problems. The Xo are likely to be highly interrelated. Also 


tne methods for projecting or estimating the x may by their similarity 


thi 
compound the problem. What this suggests is that models with longer planning 


eriods are likely to present estimation difficulties. 


Q 
“A similar formulation can be developed by assuming that the x, are 


m2) 


generated by an extrapolative process. This is easily seen by considering 
oo . 

A ’ : i 
equation (18) and assuming kee ni Xe 
7=] | 


on ny the random disturbance and the parameter i. 


+ ne with appropriate conditions 
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